ClpP: a structurally dynamic protease regulated by AAA+ proteins.
Proteolysis is an important process for many aspects of bacterial physiology. Clp proteases carry out a large proportion of protein degradation in bacteria. These enzymes assemble in complexes that combine the protease ClpP and the unfoldase, ClpA or ClpX. ClpP oligomerizes as two stacked heptameric rings enclosing a central chamber containing the proteolytic sites. ClpX and ClpA assemble into hexameric rings that bind both axial surfaces of the ClpP tetradecamer forming a barrel-like complex. ClpP requires association with ClpA or ClpX to unfold and thread protein substrates through the axial pore into the inner chamber where degradation occurs. A gating mechanism regulated by the ATPase exists at the entry of the ClpP axial pore and involves the N-terminal regions of the ClpP protomers. These gating motifs are located at the axial regions of the tetradecamer but in most crystal structures they are not visible. We also lack structural information about the ClpAP or ClpXP complexes. Therefore, the structural details of how the axial gate in ClpP is regulated by the ATPases are unknown. Here, we review our current understanding of the conformational changes that ClpA or ClpX induce in ClpP to open the axial gate and increase substrate accessibility into the degradation chamber. Most of this knowledge comes from the recent crystal structures of ClpP in complex with acyldepsipeptides (ADEP) antibiotics. These small molecules are providing new insights into the gating mechanism of this protease because they imitate the interaction of ClpA/ClpX with ClpP and activate its protease activity.